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unknown. We can track a parcel of land being
deforested, and we can estimate how much
carbon is being released from that small area.
But we need to be able to do that on a global
or tropical scale.” If tropical countries had this
information, they might be able to reduce
deforestation and carbon emissions, with
support from international programs.

A multilayered carbon map
When a tree falls in the forest, carbon escapes
into the air. While auto exhaust and industrial
emissions make up the majority of carbon
emissions, 15 to 20 percent of the carbon
compounds humans release instead come
from deforestation. Tim Pearson, who advises
on climate change mitigation at Winrock
International, said, “When wood is converted to
lumber products, there’s only about a 50 percent
efficiency. Half of the tree goes up into the
atmosphere. Even if you just let it decompose,
the carbon in wood ends up in the atmosphere.”
In addition, burning forests to open land for
farming—a widespread practice in the world’s
tropical rain forests—releases the carbon in tree
roots, trunks, and branches, as carbon dioxide
and carbon monoxide.

The most accurate way to measure the biomass,
or carbon content, of a forest would be to chop
down all the trees, dry them out, and weigh
them: clearly not a realistic method. The next
best option is to hike out into forests and
measure the height and girth of a sample of
trees. Scientists then use statistical formulas
to estimate the amount of carbon in a region.

These field methods work well on a small scale,
but to get a consistent global picture, researchers
need a global tool. Satellite data provide this

A Woods Hole Research Center (WHRC) scientist, left, shows a Ugandan forest ranger how to measure trees to help
calculate how much carbon a forest contains. Measurements from local people are vital in assembling a global satellite
view of forest carbon stocks. (Courtesy WHRC)
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bigger picture. However, the task is not so straight-
forward. Kellndorfer said, “What we’re really
trying to get at are measurements related to
carbon. And no single sensor gives us the entire
spectrum alone.” So Kellndorfer and his colleagues
atWHRC are using three different satellites.

To learn where forests exist versus non-forested
land, Kellndorfer and WHRC researcher
Alessandro Baccini used visual data from the
Moderate Resolution Imaging Spectroradiometer
(MODIS) sensor on the Aqua and Terra
satellites. The MODIS data offer a continuous
map of tree cover that spans a wide swath of
tropical countries around the globe. WHRC

researcher Scott Goetz said, “MODIS measures
reflected radiation in the optical, visible and near-
infrared, and mid-infrared ranges. It also provides
an estimate of the canopy density.”

To get a more detailed picture of the trees in the
forest, they used lidar data from the Geoscience
Laser Altimeter System (GLAS) instrument
aboard the Ice, Cloud, and Land Elevation
(ICESat) satellite. The lidar data provide a
vertical profile of the forest structure, from trunk
to treetop, allowing the researchers to determine
the forest height and the complexity of its branch
structure. Unlike MODIS, which supplies a
continuous picture of tropical forest cover, the

lidar data take only snapshots: circles 70 meters
(230 feet) in diameter, separated by miles.
However, the small snapshots give a unique
picture of the forest structure. Goetz said, “The
lidar penetrates the whole canopy all the way
to the ground, and it is by far the best remote
sensing tool we have to relate to biomass.”

Finally, the scientists needed a tool to measure
the density of the forest canopy, the leafy top
part of the forest, which is closely related to
carbon content. For that, they used the Phased
Array Type L-band Synthetic Aperture Radar
(PALSAR) sensor on the Japanese Advanced
Land Observation Satellite (ALOS) satellite.
The PALSAR data provide more information
about the forest canopy. The radar also pene-
trates the thick clouds that often cloak tropical
rainforests, and bounces off the small branches
and leaves high up in the treetops. Kellndorfer
said, “The cloud cover over tropical forests can
hide the forests from satellite sensors. The radar
lets us see through those clouds.”

Field and algorithm
But even with data from multiple sensors, the
satellite data alone cannot fully account for
forest carbon. Goetz said, “Field measurements
are essential. We need them to calibrate and
verify the remote sensing measurements.”
Pearson agreed, saying, “The problem with
remote methods is that they look at the spectral
signatures or radar returns that come from a
forest. The relationship between a spectral
signature or a radar return and carbon content
is not as simple as the relationship between
the girth and height of the tree and its carbon
content.” To get at this relationship, the
scientists need to tie their measurements
to actual trees.

This pantropical map of forest cover combines two types of remote sensing data to estimate the amount of carbon, or
biomass, contained in the world’s tropical forests. Green indicates regions with greater forest cover, and higher biomass,
while purple represents regions with little or no biomass. Data are from the Moderate Resolution Imaging Spectro-
radiometer (MODIS) sensor on the NASA Terra and Aqua satellites, and from the Geoscience Laser Altimeter System
(GLAS) instrument on NASA’s Ice, Cloud, and Land Elevation (ICESat) satellite. (Courtesy Baccini et al. 2009)
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So the WHRC researchers travel to countries
around the tropics and hike deep into the jungle
to find the exact spots of lidar data. Wayne
Walker, a WHRC researcher who has worked
extensively on the field portion of the project,
said, “During one field campaign in Vietnam, we
had to rent scooters and motorcycles to get where
we needed to go. A group of us traveled two
hours to a field station, and then we had to hike
for several hours to actually get to the location
of the GLAS shot we wanted to sample.”

The WHRC team, which also includes
researcher Nadine Laporte, is also training
local forest rangers, indigenous groups, and
governments to conduct field measurements
of the forests where they live, and to compare
those measurements with satellite data. Walker
said, “We are trying to provide people in tropical
countries with the tools and techniques that they
will need to generate their own data sets.”

Kellndorfer said, “It’s critical that we not impose
our measurements of the biomass of a country,
and that the people in the countries are
involved. So we’re setting up workshops in
tropical countries, training people on how
biometric surveys in forests are done, and how
to relate them with the satellite measurements.”
In this way, each country gains an understanding
of methods for quantifying carbon stocks, and
an ownership of the process.

Preserving forests can also help these same
local people, who get their livelihoods and
food from the forests they live in, and can help
maintain ecosystems by protecting soil from
erosion and maintaining healthy rivers and
streams. An abundance of animals and plants
live in the tropical forests that are threatened
by deforestation. Goetz said, “Countries all

This map shows spatial patterns of biomass density in the western Amazon Basin. Green represents areas of high
biomass, while brown areas are bare ground. The herringbone road pattern in some of the brown areas represents
areas of recent deforestation. Researchers hope that a map of carbon stocks for the whole tropical region will serve
as a scientific basis for efforts to reduce deforestation and carbon emissions. Data are from the NASA Moderate
Resolution Imaging Spectroradiometer (MODIS) sensor and the Geoscience Laser Altimeter System (GLAS)
instrument. (Courtesy Baccini, et al. 2009)



want to know how much carbon they have
standing in their forests, because it’s worth
money to protect it. But these forests are
valuable not just in terms of carbon; they
are also valuable in terms of biodiversity.”

Global maps, local benefits
The WHRC team has now created two forest
maps that span the tropics: one based on PALSAR
radar data, and the other using MODIS and
GLAS data to estimate biomass across the tropical
region. The next step is to combine the two maps
and validate the data with field measurements
taken by the WHRC team and local people.
Kellndorfer and his colleagues believe that the
data will allow them to build an unprecedented
map of tropical forest carbon. “We have data sets
that cover the entire tropical belt, from 23 degrees
north to 23 degrees south,” Kellndorfer said. “Now
we are trying to convert initial data sets to forest
cover and carbon estimates.”

When the carbon map is complete, the team
plans to give it free of charge to people around
the world. Countries will be able to use it for
a reference, and add their own field data to

improve regional carbon estimates. Walker said,
“It’s fitting that we’ll be able to release this to the
public for free, because the product doesn’t just
belong to us. It belongs to all those folks around
the world who have contributed to it.”

To access this article online, please visit
http://nasadaacs.eos.nasa.gov/articles/
2010/2010_forests.html.
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About the remote sensing data used

Satellites Advanced Land Observation Satellite (ALOS) Terra and Aqua Ice, Cloud, and Land Elevation Satellite (ICESat)

Sensors Phased Array Type L-band Synthetic Aperture
Radar (PALSAR)

Moderate Resolution Imaging Spectroradiometer
(MODIS)

Geoscience Laser Altimeter System (GLAS)

Data sets 23 centimeter L-band radar 500 meter Nadir BRDF-Adjusted Reflectance
(NBAR)

GLAS/ICESat L2 Global Land Surface Altimetry
Data

Resolution 10 to 20 meter 500 meter 70 meter circles

Parameters Vegetation cover Vegetation Elevation

Data centers NASA Alaska Satellite Facility SAR Data Center
(ASF SDC)

NASA Land Processes Distributed Active Archive
Center (LP DAAC)

NASA National Snow and Ice Data Center
Distributive Active Archive Center (NSIDC DAAC)

A workshop participant practices stem diameter
measurements, near Concepción, Bolivia. (Courtesy
W. Walker)
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For more information
NASA Alaska Satellite Facility SAR Data Center
(ASF SDC)
http://www.asf.alaska.edu

NASA National Snow and Ice Data Center Distributed
Active Archive Center (NSIDCDAAC)
http://nsidc.org

NASA Land Processes Distributed Active Archive
Center (LP DAAC)
https://lpdaac.usgs.gov

Moderate Resolution Imaging Spectroradiometer
(MODIS)
http://modis.gsfc.nasa.gov

Geoscience Laser Altimeter System (GLAS)
http://glas.gsfc.nasa.gov

The United Nations Collaborative Programme on
Reducing Emissions from Deforestation and Forest
Degradation in Developing Countries
http://www.un-redd.org

Woods Hole Research Center Pan-Tropical Mapping
of Forest Cover and Above-Ground Carbon Stock
http://www.whrc.org/pantropical

Josef Kellndorfer
http://www.whrc.org/about/cvs/jkellndorfer.html

Scott Goetz
http://www.whrc.org/about/cvs/sgoetz.html

WayneWalker
http://www.whrc.org/about/cvs/wwalker.html

About the scientists
Scott Goetz is a senior scientist at the Woods Hole Research Center (WHRC). He
works on analyses of ecosystem response to environmental change, including monitoring
and modeling links between forest productivity, biological diversity, water quality, and
disease vectors in relation to climate and land use change. The Gordon and Betty Moore
Foundation, the David & Lucile Packard Foundation, Google, and NASA supported his
research. (Photograph courtesy S. Goetz)

Josef Kellndorfer is an associate scientist at the WHRC. He uses remote sensing,
geographic information systems, and image analysis technologies to study how
ecosystems respond to land use, land cover, and climate change. The Gordon and Betty
Moore Foundation, the David & Lucile Packard Foundation, Google, and NASA
supported his research. (Photograph courtesy J. Kellndorfer)

Tim Pearson is a scientist at Winrock International. He studies climate change
mitigation issues, including land use, forestry, and agriculture. The nonprofit Winrock
International provides technical input to governments and organizations on the
establishment of mitigation projects and the assessment of mitigation opportunities.
Winrock International supported his research. (Photograph courtesy T. Pearson)

Wayne Walker is an assistant scientist at the WHRC. His research focuses on satellite
measurement and mapping of forest structural attributes, land cover change, and terrestrial
carbon stocks. He also works to build institutional capacity in the tools and techniques
used to measure and monitor forests. The Gordon and Betty Moore Foundation, the
David & Lucile Packard Foundation, and Google supported his research. (Photograph
courtesy W. Walker)
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by Jane Beitler

On any bright warm day, Americans head out to
run, bike, or walk their way to fitness, building
stronger hearts and bodies in hopes of a healthier
and possibly longer life. But as they breathe in air
that may be polluted, do they actually risk
damaging their hearts and health? Increasingly,
health researchers are finding connections

between air pollution and heart disease, and they
are getting help from environmental researchers
in the form of satellite data on air pollution.

From lungs to heart
John Lanza is an epidemiologist and director of
the Escambia County Health Department in
Pensacola, Florida. His agency and others like it
across the United States pay attention to disease

Heart disease in the air

“Remote sensing can fill data
gaps, where health data and
other pollution monitoring are
not available.”

Zhiyong Hu
University of West Florida

A brownish-white haze hangs low over New York City, as seen in this view from the Brooklyn Bridge. Haze is caused
by fine particulate pollution in the air; breathing this polluted air may harm human health in unexpected ways.
(Courtesy Health Head Images/Unlisted Images, Inc.)



and environmental connections, as they work to
improve and safeguard public health. In his
region and across the eastern United States, skies
are often white with haze from dense automobile
traffic in the cities, and coal-burning power plants
spew more particulate matter to the skies.
Researchers are still learning all the ways that
these particulates may damage health.

Lanza said, “Anytime you burn something, you
release particulate matter.” Burning of fossil fuels
loads the air with fine particulate matter, defined
as particles smaller than 2.5 micrometers (in
comparison, a human hair is 40 to 50 micrometers
wide), and invisible to the human eye. These very
small particles are especially hazardous to health;
they are small enough to get deep into the lungs,
where they can cause illnesses such as asthma,
respiratory infections, and lung cancer.

It seems intuitive that breathing in pollutants
could damage lung tissue, and in fact, research
has strongly connected fine particulate pollution
to respiratory disease. A less intuitive effect now
drawing attention is the possible link between
particulates and the heart. While medical studies
have yet to conclusively prove this link, the
evidence is mounting.

In 2004, a report by the American Heart
Association cited an increasing body of evidence
supporting the link between air pollution and
heart disease. Studies have shown that fine and
ultra-fine particulate pollution can pass through
the lungs and enter the bloodstream, which carries
the pollutants to other organs, inflaming heart
tissue, triggering heart arrhythmias, and provoking
plaque in the arteries to rupture and cause a clot.
These are only a few of the ways that researchers
think that particulate pollution accelerates heart
disease or causes early death.

But while medical science has established the
mechanisms that cause inhaled pollution to
trigger illness in the human body, proof of the
link between pollution and heart disease
remains elusive. “Researchers have been trying to
connect heart disease and pollution for a long
time,” Lanza said. The causes of heart disease are
complex, and teasing out the effects of pollution
from other causes, such as heredity, smoking,
and diet, has been challenging to prove in
carefully controlled prospective studies, which
follow human subjects over long periods. These
studies are expensive, and take decades to
provide results. In the shorter term, more data
and evidence will help add to the reasons to
reduce particulate pollution in the interest of
public health. “The more information we have,
the more we can do,” Lanza said.

Environment and health
Geographer Zhiyong Hu at the University of
West Florida in Pensacola thinks environmental
satellite data could be helpful in advancing
knowledge about particulate pollution and
heart disease. He first became interested in air
quality measurements for health studies when
he participated in an earlier, broader health study,
using ground monitoring equipment and air
quality models.

But ground measurement stations are sparse,
especially in rural areas and developing
countries. Hu was familiar with air quality
research using satellite data, which provides
wider and more uniform spatial and temporal
coverage. Hu said, “There have been a few
projects using similar methods; normally they
try to link satellite and ground measurements.”
Interest in such studies is growing, as research
demonstrates how satellite data can detect
pollution levels relevant to health; NASA

researchers are currently working to integrate
data on particulates and other environmental
factors into a U.S. Center for Disease Control
database of public health records.

Hu’s study focused on data from the NASA
Moderate Resolution Imaging Spectroradiometer
(MODIS) sensors. Flying on both the Aqua and
Terra satellites, MODIS views the entire surface
of the Earth every one to two days. Its spectral
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This angiogram, an X-ray technique using an injected
dye, reveals a healthy human heart. Diagnostic tools
such as angiograms can help doctors detect and treat
serious problems such as narrowed or blocked
arteries. But researchers also seek ways to prevent
heart disease, which kills millions of people worldwide
each year. (Courtesy SPL/Photo Researchers, Inc.)



channels were designed to observe many features
of land, oceans, and atmosphere, but it turns out
that MODIS is also good at picking up aerosols
for monitoring surface air quality. An algorithm
retrieves aerosol optical depth (AOD), which
researchers can use to estimate particulate
matter concentrations.

The task was to put together a model that
combines the air quality data with health data,

as well as an algorithm to flag trouble spots. If
it is true that air pollution plays a role in heart
disease, Hu expected that areas with high AOD
measurements would also show higher mortality
rates than areas with low AOD.

Satellite pixels and disease polygons
Aligning two completely different types of data
can be like comparing apples and oranges, so Hu
and colleague Ranga Rao, who is skilled in

working with health statistics, figured out how
to standardize and geographically align MODIS
data on air quality to heart disease mortality
statistics. This work allowed the researchers to
compare the data, and found that the correlation
in the eastern United States was significant: areas
with high mortality rates corresponded with high
AOD concentrations during the one-year study
period, from 2003 to 2004.

Besides its spatial and temporal coverage, Hu sees
several advantages to satellite remote sensing data.
It presents the possibility that satellite air quality
data can point at health trouble spots. “Remote
sensing can fill data gaps, where health data and
other pollution monitoring are not available,” he
said. The environmental data also add to the
increasing evidence of a pollution-heart disease
connection that can stimulate further biological
studies. And aggregated data on disease is in
many ways more similar to a satellite pixel than to
point data from a ground instrument.

Hu’s work does not prove that air pollution
causes heart disease. He said, “My research is
indicative, not causative. I am a geographer, not a
biomedical scientist; we do research from
different perspectives. Mine is ecological,
geographic, from space.” He hopes that his
research stimulates more inquiry into both health
and into satellite monitoring of air quality. “This
kind of research could help governments around
the world make policies to target polluted areas
in the interest of public health,” he said.

With increasing evidence that links air pollu-
tion to heart disease, public health agencies are
working to educate people in ways that will
protect public health. Lanza said, “We put
out public information on ways to reduce
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This map of the eastern United States shows how data on aerosol optical depth (AOD) compares with data on
mortality (standard mortality rate, or SMR) from heart disease. Red counties indicate where both AOD and deaths
from heart disease were high; dark blue indicates where both were low. (Data from MODIS, obtained from the NASA
MODAPS Level 1 Atmosphere Archive and Distribution System, courtesy BioMed Central and Z. Hu)



particulate matter in the air. We’ve helped get
anti-idling laws for commercial trucks, and
promoted the benefits of electric lawnmowers
and leaf blowers, for example.” Research on
pollution and health also provides compelling
evidence for bigger efforts to reduce pollution.
Lanza said, “We worked with the local coal
plant, which was grandfathered in and did
not have to comply with EPA [Environmental
Protection Agency] standards. They have
decided to spend almost a billion dollars
installing scrubbers to reduce their emissions.”
In the near future, Lanza and other health
officials will be monitoring the 2010 Gulf oil
spill for air quality degradation and long-term
health effects. “It’s still too early to know,”
Lanza said.

Of Hu’s study, Lanza said, “It is one way of
looking at a disease causation that will be useful
because it is a lot less expensive than prospective
studies. It’s a fifty thousand foot view.”

To access this article online, please visit
http://nasadaacs.eos.nasa.gov/articles/
2010/2010_disease.html.
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For more information
NASAMODAPS Level 1 Atmosphere Archive and
Distribution System (MODAPS LAADS)
http://laadsweb.nascom.nasa.gov

Moderate Resolution Imaging Spectroradiometer
(MODIS)
http://modis.gsfc.nasa.gov
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About the remote sensing data used

Satellites Terra and Aqua

Sensor Moderate Resolution Imaging Spectroradiometer (MODIS)

Data set MODIS Level 2 Aerosol

Resolution 10 kilometer

Parameter Aerosol optical depth

Data center NASA MODAPS Level 1 Atmosphere Archive and Distribution System (MODAPS LAADS)

About the scientists
Zhiyong Hu is an associate professor at the University of West Florida. His work includes
land use and land cover classification, GIS-based modeling of spatio-temporal dynamics
and human dimensions in land use and land cover changes, spatial analysis of environ-
mental health, and remote sensing of air pollution. The U.S. Environmental Protection
Agency supported his research. (Photograph courtesy University of West Florida)

John Lanza is director of Escambia County Health Department and an instructor at
the School of Allied Health and Life Sciences at the University of West Florida. He
is a board-certified pediatrician with a PhD in Nuclear and Radiological Engineering
(Medical Radiation Physics) from the University of Florida, and a clinical assistant
professor in the Department of Clinical Sciences at the Florida State University College
of Medicine. (Photograph courtesy University of West Florida)
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Alaska Satellite Facility
SAR Data Center
Synthetic Aperture Radar, Sea Ice,
Polar Processes, Geophysics
Geophysical Institute, University of Alaska Fairbanks
Fairbanks, Alaska
+1 907-474-6166
asf@eos.nasa.gov
http://www.asf.alaska.edu

Crustal Dynamics Data
Information System
Space Geodesy
NASA Goddard Space Flight Center
Greenbelt, Maryland
+1 301-614-6542
Carey.Noll@nasa.gov
http://cddis.gsfc.nasa.gov

Global Hydrology Resource Center
Hydrologic Cycle, Severe Weather Interactions,
Lightning, Atmospheric Convection
NASAMarshall Space Flight Center
Huntsville, Alabama
+1 256-961-7932
ghrc@eos.nasa.gov
http://ghrc.nsstc.nasa.gov

Goddard Earth Sciences Data
and Information Services Center
Global Precipitation, Solar Irradiance, Atmospheric
Composition, Atmospheric Dynamics, Global Modeling
NASA Goddard Space Flight Center
Greenbelt, Maryland
+1 301-614-5224
help-disc@listserv.gsfc.nasa.gov
http://disc.sci.gsfc.nasa.gov

Land Processes DAAC
Surface Reflectance, Land Cover, Vegetation Indices
United States Geological Survey Earth Resources
Observation and Science (EROS) Center
Sioux Falls, South Dakota
+1 605-594-6116, + 1 866-573-3222
LPDAAC@eos.nasa.gov
https://lpdaac.usgs.gov

MODAPS Level 1 Atmosphere
Archive and Distribution System
(MODAPS LAADS)
Radiance, Atmosphere
NASA Goddard Space Flight Center
Greenbelt, Maryland
+1 301-731-2917
modapsuso@sigmaspace.com
http://laadsweb.nascom.nasa.gov

NASA Langley Research Center
Atmospheric Science Data Center
Radiation Budget, Clouds, Aerosols,
Tropospheric Chemistry
NASA Langley Research Center
Hampton, Virginia
+1 757-864-8656
larc@eos.nasa.gov
http://eosweb.larc.nasa.gov

National Snow and Ice
Data Center DAAC
Snow, Ice, Cryosphere, Climate
University of Colorado at Boulder
Boulder, Colorado
+1 303-492-6199
nsidc@nsidc.org
http://nsidc.org/daac

Oak Ridge National Laboratory DAAC
Biogeochemical Dynamics, Ecological Data,
Environmental Processes
Oak Ridge National Laboratory
Oak Ridge, Tennessee
+1 865-241-3952
uso@daac.ornl.gov
http://daac.ornl.gov

Ocean Biology Processing Group
Ocean Biology, Ocean Color, Biogeochemistry,
Sea Surface Temperature
NASA Goddard Space Flight Center
Greenbelt, Maryland
http://oceancolor.gsfc.nasa.gov

Physical Oceanography DAAC
Sea Surface Temperature, Ocean Winds, Circulation
and Currents, Topography and Gravity
NASA Jet Propulsion Laboratory
Pasadena, California
podaac@podaac.jpl.nasa.gov
http://podaac.jpl.nasa.gov

Socioeconomic Data
and Applications Center
Human Interactions, Land Use, Environmental
Sustainability, Geospatial Data, Multilateral
Environmental Agreements
CIESIN, Earth Institute at Columbia University
Palisades, New York
+1 845-365-8988
ciesin.info@ciesin.columbia.edu
http://sedac.ciesin.columbia.edu
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